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ABSTRACT  

   In this study, the effect of the presence of thiosulfate ion on pitting 
corrosion of AISI (American iron and steel institute) 316 stainless steel 
alloy was investigated in four different concentrations of NaCl solutions 
(1, 0.1, 0.01, 0.001 M NaCl solutions). The experiments were conducted 
at 50 °C based on the potentiodynamic method. During the experiment, 
the effect of seven different thiosulfate/chloride concentration ratios were 
tested (zero, 0.01, 0.03, 0.075, 0.1, 0.2, and 0.3 S2O3

-2
/Cl

-1
 ratios). 

Pitting potential was recorded for each test. Results show that 316 
stainless steel alloy has a passivity region in all tests performed. 
However, this passivity region was strongly affected by both the chloride 
concentration and the thiosulfate/chloride concentration ratio. The 
addition of little amount of thiosulfate to chloride solutions was found to 
decrease the pitting resistance of the 316 stainless steel alloy. The 
addition of S2O3

-2
 to chloride solutions resulted in a lower pitting potential 

value at 0.03 thiosulfate/chloride concentration ratio compared to the 
other ratios. 
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1 INTRODUCTION 

316 stainless steel alloy is one of the most common austenitic stainless steel alloys. Typically, 

it consists of 18% chromium, 8% nickel, and 2% molybdenum. The presence of chromium, 

nickel, and molybdenum provides better resistance to localized corrosion such as pitting. For 

this reason, 316 stainless steel alloy is widely used for sever corrosion conditions such as that 

in furnaces, heat exchangers, chemical process equipment, and valve and pump parts [1, 2]. 

   Passivity is the state in which the metal corrodes at slower rate, due to the formation of an 

oxide film on its surface, than it would at some lower potential. This passive oxide film 

protects the metal surface from dissolving. When the metal surface exposed to environments 

containing aggressive ions such as chloride and/or thiosulfate, the aggressive ions penetrate 

the oxide layer at a specific points on the surface, usually at defected points, and increase the 

rate of metal dissolving: 

M                                   M
n+

     +     n e
-   

                                                                              (1) 
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The electrons produced by this reaction flow from the corroded site (anode) to the nearby 

metal surface (cathode) where the electrons are consumed by the cathodic reaction. The 

creation of this local anode site causes a continued build-up of the aggressive ion as well as 

decrease in the pH which prevents the repassivation of the metal surface. This localized 

corrosion process is called pitting [2- 4].  

Pitting potential is the minimum potential at which localized acidity could be maintained 

inside the pit. Above this potential, breakdown of passivity occurs, and the rate at which the 

metal dissolves increases. This cause a continued build-up of aggressive ions inside the pit as 

well as a decrease in pH. The increase of the aggressive ions concentrations and the decrease 

in pH prevent repassivation of metal surface. This kind of pit is called the stable pit. Below 

pitting potential the passive film may break down leading to initiation of pits but these pits 

repassivate after a short growth. This kind of pit is called unstable pits or metastable pit [1, 2]. 

The potentiodynamic method is one of the electrochemical techniques used to study the 

phenomena of pitting corrosion. This technique involves the polarization of the metal 

electrode at a series of external applied potentials using an electronic device for controlling 

the electrode potential (potentiostat).  Pitting is experimentally determined by monitoring the 

current density versus the applied potential. The occurrence of the pitting is indicated by a 

sudden increase in the current density from the passive region (passive current) at a certain 

potential, known as the pitting potential (Ep) [3, 4]. 

 

2 EXPERIMENTAL WORK 

In this work, pitting potential measurement was conducted using potentiodynamic technique 

on 316 stainless steel alloy. The tests were performed using chloride solutions contain zero or 

little thiosulfate ions at 50 °C. The chemical composition of the material used in this work is 

given in table 1. 

 

Table 1. The chemical composition of the 316 stainless steel alloy used in this work 

Percent Element 

17.785 Ni 

7.859 Cr 

2.062 Mo 

0.0345 C 

1.362 Mn 

0.475 Si 

0.002 S 

0.018 P 
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0.0029 Al 

0.0015 Co 

0.007 Cu 

0.115 Ti 

Balance Fe 

 

 The 316 stainless steel specimen was cut from sheet stock with approximately 2.3 cm x 2.3 

cm with thickness of 5 mm. The test specimen were mounted in epoxy resin allowing an 

exposed area of about 4 cm
2
 with an electrical connection. The specimen should be 

mechanically polished before each test. The polishing should be done using emery (silicon 

carbide) papers ranging from 100 to 1200 grit finish. The specimen then washed with 

deionized water, and dried with warm air using air dryer. A fresh layer of epoxy patch was 

applied on the surface of specimen edges (Between the material and the mounting) so that the 

risk of crevice corrosion is minimized. 

The test solutions were prepared from analytical grade sodium chloride (NaCl), sodium 

thiosulfate (Na2S2O3-5H2O) and distilled water. Sodium chloride is the source of chloride ion 

and sodium thiosulfate is the source of the thiosulfate ion. Four different NaCl solutions were 

used in these experiments (0.001, 0.01, 0.1, and 1 M NaCl). Solutions of seven different 

thiosalfate/chloride ratios (Zero, 0.01, 0.03, 0.075, 0.1, 0.2, and 0.3) were prepared for each 

NaCl concentration. 

Potentiodynamic technique were employed in this study. All tests were conducted at 50 °C 

using a water bath for temperature control and a 500 ml Beaker. The three-electrode system 

(saturated calomel electrode, platinum auxiliary electrode and test electrode) were immersed 

directly in the solutions. Applied potential was controlled using the electrochemical cell with 

a potentiostat type BANK ELEKTRONIC MP 95 and a sweep generator type VOLTAGE 

SCANNER, WENKING MVS 87. Each test was conducted by anodically polarizing the test 

specimen at -200 mv (SCE) and then increasing the potential by a rate of 1 mV/sec. Pitting 

potential was determined by noticing the large rise in the output current. The potential and the 

anodic current were recorded on a chart recorder type SERVOGOR 102. 

 

3 RESULTS 

The corrosion behavior of 316 stainless steel alloy in chloride solutions with and without 

thiosulfate ions were studied using potentiodynamic method. Typical corrosion behavior of 

316 stainless steel alloy in this work is shown in figure 1. This figure represents the behavior 

of 316 stainless steel alloy in 1 M NaCl solution with zero thiosulfate ion. The figure shows a 

typical passive region and sudden rise of current at a certain potential, called the pitting 

potential. The behavior of 316 stainless steel alloy in Cl
-1

 solutions in the presence of 
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thiosulafate ions is the same as shown in figure 1 but at lower pitting potentials. The results 

show that the occurrence of pitting depends on the chloride ion concentration, addition of 

thiosulfate ion to chloride solutions and the ratio of thiosulfate to chloride ions. 

The effect of chloride ion concentration on pitting potential of 316 stainless steel alloy is 

displayed in figures 2, 3, and 4. The figures clearly show that increasing the chloride ion 

concentration shifts the pitting potential to more active values. 

The addition of low concentrations of thiosulfate ions to chloride solutions was found to 

decrease the chloride pitting potential of 316 stainless steel alloy. Figures 2, and 3 show that 

the addition of Na2S2O3-5H2O to 1 M NaCl solution to form a solution of a ratio of 0.03 

thiosulfate/chloride ion, shifts the pitting potential value by 160 mV (from 380 mV to 220 

mV). Figures 2, 3, and 4 show that the presence of different thiosulfate ion concentrations 

shifts the pitting potential of 316 stainless steel alloy to more active values. This shift was 

found to be depend on the thiosulfate ion to chloride ion ratio. In all different NaCl 

concentration solutions, the most aggressive S2O3
-2

/Cl
-1

 ratio was found to be 0.03. The 

pitting potential of 316 stainless steel alloy shows relatively higher values in chloride 

solutions with S2O3
-2

/Cl
-1

 ratio higher or lower than the critical thiosulfate/chloride ratio of 

0.03. 

 

Figure 1. The behavior of 316 stainless steel alloy in 1 M sodium chloride solution (without thiosulfate 

ions). 
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Figure 2. The effect of Chloride ion and thiosulfate ion concentrations on pitting potential of 316 

stainless steel alloy. 
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Figure 3. The effect of both the chloride ion and the thiosulfate ion concentrations on pitting potential 

of 316 stainless steel alloy at zero, 0.01, and 0.03 thiosulfate/chloride ratio. 
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Figure 4. The effect of both the chloride ion and the thiosulfate ion concentrations on pitting potential 

of 316 stainless steel alloy at 0.075, 0.1, 0.2, and 0.03 thiosulfate/chloride ratio. 
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4 DISCUSSION  

The presence of thiosulfate ion in the test solution leads to the occurrence of the 

following electrochemical reduction reactions. 

S2O3
-2

          +     6 H
+
     +     4 e

-
           2 Sads                                                   (2)  

S     +     2 H
+
     +     2 e

-
     H2Saq.     or  H2Sads                                                   (3) 

S2O3
-2

     +     H
+
           SO3

-
     +     S                                                               (4) 

 The adsorbed sulfur or H2S activates the anodic dissolution of the metal.  

)n/2) H2Saq.     +     M
+n

        MSn/2     +     n H
+ 

                                                  (5) 

The electromigration of Cl
-
 and S2O3

-2
 ions to the pit interior helps the pit to 

grow. The hydrolysis of Cr
+3

 and other metal ions inside the pit decreases the 

local pH and provides enough H
+
 ions to sustain the thiosulfate reduction 

reactions as well as to keep the metal surface in an active state. 

At values below the pitting potential of chloride ion solutions, unstable pits 

occur, but after a short time the passive film reformed again and the passivity of 

the metal regained. If the thiosulfate ion is present in the solution and the 

unstable pits occur, the thiosulfate ion does not allow the reforming of the 

passive film by promoting the reduction reactions and then stabilizing the 

unstable pits.  

The rate of electroreduction reactions that produce adsorbed sulfur is effected by 

the ratio of S2O3
-2

/Cl
-1

. The maximum generation of activated adsorbed sulfur by 

electrorduction occurred at S2O3
-2

/Cl
-1

 ratio of 0.03. Below and above this ratio, 

the pitting potential is shifted to higher values. This shift is explained by the 

slow rate of formation of adsorbed sulfur due to the slow of thiosulfate reduction 

process at these S2O3
-2

/Cl
-1

 ratios [6]. 

5 CONCLUSIONS 

1- The occurrence of pitting of 316 stainless steel alloy depends on the 

concentration of the aggressive ions of Cl
-1

 and S2O3
-2

. As the concentration 

of any of the aggressive ions increases the pitting potential decreases. 

2- The presence of thiosulfate ion on chloride ion solutions shifted the pitting 

potential to a lower values. 

3- Thiosulfate to chloride ratio of 0.03 is considered to be critical because the 

pitting corrosion at this ratio occurs at low potentials. If the presence of 



Mohamed S. Farhat 

 

646 
           Journal of Alasmarya University: Basic and Applied Sciences الأساسية والتطبيقيةهجلة الجاهعة الأسورية: العلوم 

thisosalfate ion in the chloride ion solutions can not be avoided, the ratio of 

thiosolfate to chloride ions should be kept away from 0.03 (either greater or 

less than 0.03).   
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 في هحاليل هن الكوريذ و الثيوكبريتات 626التأكل النقري لسبيكة الصلب 

 سلين فرحات محمد

 كلُة الهٌذسة, الجبهعة الاسوشَة الاسلاهُة, لُجُب قسن الهٌذسة الكُوُبئُة,

 الولخص
  

جأثُش وجىد أَىى الثُىكجشَحبت علً الحأكل الٌقشٌ لسجبئك فٍ هزا الجحث جوث دساسة 

كل الحجبسة  .الفىلار الوقبوم للصذأ فٍ جشاكُز هخحلفة هي هحبلُل كلىسَذ الصىدَىم

الذساسة جسوً طشَقة الجهذ  هزٍ دسجة هئىَة. الطشَقة الوسحخذهة فٍ 00أجشَث عٌذ 

,  0.03,  0.01,  0ذ )ًست الوحغُش. جن اخحجبس ًست هخحلفة هي ثُىكجشَحبت /كلىسَ

(و جن جسجُل جهذ الحٌقش لكل اخحجبس علً هزا الاسبس. 0.3,  0.2,  0.1,  0.0.0

جوُع فٍ لهب هٌطقة سلجُة  313أظهشت الٌحبئج أى سجبئك الفىلار الوقبوم للصذأ 

الاخحجبسات الحٍ جن إجشاؤهب. وهع رلك , فإى الوٌطقة السلجُة هزٍ جأثشت علً ًطبق 

هي جشكُز الكلىسَذ وًسجة الثُىكجشَحبت/الكلىسَذ. وجذأى إضبفة كوُة قلُلة  واسع ثكل

هي الثُىكجشَحبت إلً هحبلُل الكلىسَذ َقلل هي هقبوهة الحٌقش لسجبئك الفىلار الوقبوم 

. أوضحث الٌحبئج أى إضبفة أَىًبت الثُىكجشَحبت إلً أَىًبت الكلىسَذ  ثٌسجة 313للصذأ 

الحأكل الٌقشٌ إلً ارًً هسحىي هوب سبهن فٍ الاسشاع هي  جقللُل جهذفٍ جسجت  0.03

 .جأكل سجبئك الصلت الوقبوم للحأكل
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